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INTRODUCTION

The phylum Echinodermata is customarily considered to

embrace two contrasted siibphyla. One of these, the Pelma-

tozoa, comprises forms which are attached to the substrate for

part or the whole of the life history, and which have a U-shaped

gut, with the mouth and anus both directed upwards. The other,

the Eleutherozoa, comprises free-living forms in which the mouth

is directed downwards, and the anus (if present) is normally

placed on the upper surface. The best known members of the

Eleutherozoa are the sea urchins, the sea cucumbers, the star-

fishes and the brittlestars. However, these included forms

differ so widely that is has been a difficult task to elucidate their

interrelationship and the probable nature of their presumed
common ancestor. Further, there are strong grounds for sus-

pecting that the subphylum Pelmatozoa includes some forms

which are really related more closely to certain Eleutherozoa

than they are to other members of the Pelmatozoa. These grounds
are here set out, and it is proposed to abandon the Pelmatozoa

as a formal classificatory division, and to adopt patterns of

body symmetry as the main criteria for defining subphyla, in-

stead of using habit and attitude.

Recent morphological and paleontological studies have led

to the conclusion (Fell, 1962, 1963a, 1963b) that the star-shaped

members are interrelated and comprise a single grouping which

may be regarded as a subphylum, and for which the name
Asterozoa is already available. Similarly, other evidence implied
that the globoid members were probably interrelated, and these

have been associated as another subphylum, Echinozoa. Conse-

quently, the so-called Eleutherozoa proved to be a polyphyletic
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assemblage, and the name should therefore be abandoned. The

present contribution is aimed principally at clarifying the in-

ferred interrelationships between the various classes of Echino-

zoa, and adapting the current classification to reflect these rela-

tionships.

The discovery of the hitherto unknown class Helicoplacoidea

(Durham and Caster, 1963) has shown that primitive, free-living

echinoderms, with characters intermediate between those of Echi-

noidea, Holothuroidea and Edrioasteroidea, had already dif-

ferentiated in early Cambrian times. The morphological char-

acters of the Helicoplacoidea suggest a relationship to some

common ancestral stock from which arose, on the one hand, the

eleutherozoan Echinoidea and Holothuroidea, and on the other

hand, the pelmatozoan Edrioasteroidea. Hitherto, the pelmato-
zoan echinoderms have generally been thought to represent
a single natural assemblage, the subphylum Pelmatozoa, but

this concept now becomes suspect. Further grounds for

doubting the validity of subphyla based on eleutherozoan or

pelmatozoan habit are provided by recent work on Paleozoic

sea-stars, from which it has become evident that the subphylum
Eleutherozoa, erected to comprise the free-living echinoderms,
consists actually of two entirely separate stocks, the Echinozoa

and Asterozoa (Fell, 1962, 1963a). The Echinozoa represent an

ancient, pre-crinoid stock, of which the modern representatives

are the Echinoidea and Holothuroidea
;

whereas the Asterozoa are

of relatively late origin, derived from a pinnulate pelmatozoan

stock, provisionally identified with Crinoidea. Some analogous
results emerge from recent work by Ubaghs (1961), from which
it is apparent that the lower Paleozoic Homalozoa comprise a

stock of asymmetrical, or bilaterally symmetrical, echinoderms,
some members of which were free-living (i.e., eleutherozoan),
while others were stalked and attached to the subtrate (i.e., pel-

matozoan). Lastly, data given later in this paper imply the

essentially archaic character of the dendrochirote orders of Holo-

thuroidea, and point to possible relationships between these

forms and the Cambrian Helicoplacoidea. Certain parallels be-

tween the dendrochirote psolid holothurians, on the one hand,
and the Edrioasteroidea, on the other, serve also to reinforce

suspicions that the Edrioasteroidea should be classified with the

echinozoan echinoderms, and not with the so-called Pelmatozoa,
where they are commonly placed. Indeed, this inference is

already implicit in a phylogenetic diagram published by Fell

(1962).
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PATTERNSOF SYMMETRY

Four structural patterns may be contrasted in echinoderms;

these are :

(1) Homalozoan pattern, seen in those early Paleozoic echino-

derms in which the skeletal plates are arranged either asym-

metrically, or with more or less bilateral symmetry. These forms

have been assigned to a separate subphylum, the Homalozoa

(Whitehouse, 1941; Ubaghs, in press).

(2) Echinozoan pattern, seen in the Helicoplacoidea, Holo-

thuroidea, Echinoidea, Ophiocistioidea and Edrioasteroidea, all

essentially globoid forms lacking arms, with meridional sym-

metry. The Echinoidea and Holothuroidea were placed by Zit-

tel (1895) and Jaekel (1918) in a subphylum Echinozoa, and

the same name may be retained in a more extended sense, to com-

prise all the classes listed here.

(3) Crinozoan pattern, seen in the pelmatozoan classes Eocri-

noidea, Paracrinoidea, Cystoidea, Blastoidea, Edrioblastoidea,

and Crinoidea, initially globoid forms with partial meridional

symmetry, but acquiring radially divergent systems of ambula-

cral feeding appendages (brachioles or arms). These groups,

together with the Edrioasteroidea and some dendrochirote Holo-

thuroidea, exhibit a sessile habit, involving certain morphological

features normally utilized in defining a subphylum Pelmatozoa.

However, although the sessile holothurians have never been

grouped, the so-called Pelmatozoa cannot be defined so as to in-

clude the one without the other. It is evident that two categories

of diagnostic criteria have been intermingled, and a more critical

definition is required.

(4) Asterozoan pattern, seen in the Somasteroidea, Asteroi-

dea and Ophiuroidea, in which radial divergent axes of sym-

metry produce arms, and the earliest morphological features of

the arms correspond to those seen in pinnulate Crinoidea. These

taxa fall within the subphylum Asterozoa, as defined by Zittel

(1895), Jaekel (1918), and at greater length by Fell (1963a).
It will be noted that whereas categories (1), (2), and (4)

above appear to be natural groupings, and offer no diagnostic

difficulties, some unsatisfactory features arise under category

(3). These are now examined, in the light of evidence supplied

by the other three groupings.
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BLEUTHEROZOAXAND PELMATAZOANTRENDS

In each of the subphyla Homalozoa, Echinozoa and Asterozoa,

irrespective of the pattern of symmetry adopted, two mutually

opposed evolutionary trends may be observed, fundamentally

governed by the attitude which the animal adopts with respect

to its habitat. These are:

(a) Qeutherozoan tendencies, that is, adoption of a free-

living habit, in which the animal acquires locomotor mechanisms

permitting it to seek out food wherever it is to be found, by

browsing on available algae, preying upon other animals, or

swallowing large quantities of mud for the sake of its slight

organic content. Such tendencies are invariably accompanied

by the evolution of jaws, or of some special oral appendages

adapted to gross (macrophagous) feeding. The anus, if de-

veloped, tends to lie on a part of the body remote from the

mouth.

(b) Pelmatozoan tendencies, that is, adoption of a sessile

habit, by which the animal becomes attached more or less per-

manently to the substrate, either by the aboral surface itself or

by an aboral stalk. Locomotor organs are atrophied or lost alto-

gether, and the animal is then dependent upon such planktonic

sources of food as the sea-currents may provide. It secures the

food by some ciliary or comparable advective mechanism medi-

ated by the tube-feet, the food particles being conveyed to the

mouth by food grooves on the upper surface, the nutrition being

therefore, of the microphagous type. The mouth and anus neces-

sarily both lie on the upper surface, and the alimentary canal

is consequently bent into a U-shape in the vertical plane. Al-

though the modifications are here considered only in the context

of echinoderms, analogous features, of course, occur in other

phyla with sessile members. It may be noted here that radial

symmetry is by no means a consequence of the adoption of sessile

habits. On the contrary, echinoderms which already possess

radial symmetry, if they adopt a sessile habit, may acquire a

strongly marked bilateral symmetry, very similar to that acquired

by the sessile tunicates, for example, with which the psolid

holothurians were once confounded. Further, the discovery of

Hclicoplacus (Durham and Caster, 1963) implies that the echino-

zoan echinoderms were already free-living forms hefore radial

symmetry was fully developed, and that no subsequent sessile

stages supervened between the Cambrian Helicoplacoidea and
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their presumed Ordovician successors, which include the earliest

known echinoids and holothurians.

It would appear that eleutherozoan and pelmatozoan ten-

dencies are not directly related to the pattern of symmetry of

the body in echinoderms, and that the two categories of evolu-

tionary change, namely body symmetry and habit, have operated

as simultaneous variables. This may be illustrated by reference

to the echinozoan classes.

EVOLUTIONOF THE ECHINOZOA

The oldest known echinozoan is the lower Cambrian Helico-

placus, in which the body is fusiform in shape, with the mouth

at a broad anterior end, and the anus at the tapering opposite

extremity (Fig. 1). The skeleton comprises numerous quad-

rangular or lozenge-shaped plates, sometimes bearing a rigid,

erect spine, and disposed in counter-clockwise helical series. A
single band of smaller platelets winds in a helix (sometimes bi-

furcated) around the body, and evidently indicates the position

occupied by a single external ambulacral water-vessel. The

symmetry would appear to be bilateral, therefore, but distorted

by the counter-clockwise torsion, and combined with an apparent
radial symmetry displayed by the arrangement of the thecal

plates. Similar torsion is observable in the earliest Echinoidea,

notably Eothuria in the Ordovician; here, however, the sym-

metry is overtly radial, or more correctly meridional, for there

are now five ambulacra, disposed at regular intervals of 72°,

forming twisted meridians. Analogous torsion is seen in the

Edrioasteroidea, but has not yet been reported from Holothuroi-

dea or Ophiocistioidea. The torsion was eventually lost in the

echinoid line, but it persisted in the edrioasteroids until their

extinction in the Carboniferous.

As already noted above, eleutherozoan and pelmatozoan trends

have arisen independently from time to time in the various

groups of echinoderms. Within the Echinozoa, the classes Echi-

noidea and Ophiocistioidea are not yet known to have produced

any sessile forms. The initial echinozoan stock, to judge by the

Helicoplacoidea, was itself free-living, too. Helicoplacus must

have been a motile, bottom-feeding echinoderm, resembling a

plated dendrochirote holothurian, as suggested below. The skele-

tal plates formed a complete, robust though flexible test. The
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varying degrees of expansion and contraction reported in fos-

sils by Durham and Caster (1963) imply an underlying muscula-

ture, able to operate concertinawise. Thus, Helicoplacus prob-

ably crept over the sea floor, like an annelid. The fossils occur

in a fine clastic matrix, implying that the habitat was mud;
Helicoplacus was probably a gross mud-swallower, like many
aspidochirote holothurians. The primitive state of the ambula-

crum suggests that the organ may have carried, at best, only

rudimentary tube-feet, which could hardly have been more than

respiratory organs, and probably Avere only sensory tentacles,

like the dorsal tube-feet of many holothurians. The complete

plating of the body-wall, and the probably rudimentary form of

the tube-feet, imply the lack of an effective respiratory mech-

anism on the outer surface of the body. If this is correct, then

it may be inferred that rectal respiration was required, either of

the pulsatory crinoid type, or by means of respiratory trees,

as in holothurians. Study of the distribution of respiratory
trees among holothurian orders suggests a direct relationship
to the habits of these animals, and also implies that the earliest

holothurians had already developed these structures. It therefore

seems likely that respiratory trees of a rudimentary type were

present in Helicoplacoidea.
The earliest Echinoidea, such as £^o#/i?(na, possessed a multi-

plated, flexible, spirally twisted body wall, similar to that of the

Helicoplacoidea, and perhaps inherited from a helicoplacoid

ancestry. They, however, had five well-developed ambulacra, on
which the meridional water-vessels lay as external structures,

though with internal ampullae for the tube-feet. Structural de-

tails of the ambulacral pores show that the tube-feet were

large, and probably suctorial —
certainly extensile and muscu-

lar. They would, therefore, serve the double function of loco-

motor organs and respiratory organs, as in modern echinoids.

The fossils exhibit a developed jaw mechanism, showing that the

early echinoids were already capable of feeding in the manner
of their extant endocyclic descendants, that is to say, by biting
and grinding organisms in the substrate, and chewing algae.
This type of feeding demands an eleutherozoan habit, and con-

traindicates any pelmatozoan tendencies, since an animal with
such feeding mechanisms would rapidly starve if it adopted a

sessile manner of life.

The Ophiocistioidea developed a rigid skeleton by soldering of

adjacent plates of the test, in much the same manner as in the
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Figures 1-5. Archaic types of placoid echinozoans. 1, Helicoplacus lat-

eral aspect, X 3. 2, Ypsilothuria lateral aspect, X 3. 3, Placothuria lateral

aspect, X 2. 4, Isorophus actinal aspect, X 3. 5, Lepidopsolus actinal aspect,

X 2. Fig. 1 from Durham and Caster, 1963; Figs. 2, 3, 5, drawn by D. L.

Pawson, Fig. 4, from Kesling and Mintz, 1960.

later echinoids. Locomotion, however, was effected by the use of

the grossly enlarged and plated oral tube-feet, so characteristic of

the class. The enlarged oral tube-feet on the lower surface would

also subserve the function of nutrition, by sweeping up detrital
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material, and cramming it into the mouth, which was directed

downwards. The anus, as in the endocyclic echinoids, lay on the

upper surface, though not at the apical pole. Here, as in the

endocyclic echinoids, the feeding and locomotor habits imply an

eleutherozoan mode of life, and no sessile forms are known to

have developed.
The early Ilolothuroidea are known at present only from

isolated skeletal plates. However, on the basis of recent studies

by Pawson (1965) it would appear extremely probable that the

Ordovician and later Paleozoic holothurians resembled the extant

Ypsilothuriidae (Fig. 2). Further, when once the dendrochirote

tentacle had been evolved, they would resemble the extant genus

Paracucumis, or PlacotJiuria (Fig. 3). These are all heavily

plated forms, with a complete test, flexible, made up of large

plates with or without rigid spinous processes. The early holo-

thurians would also be comparable with Helicoplacus, and with

the flexible-bodied Ordovician echinoids, such as Eofhuria (the

latter genus having originally been regarded as a holothurian).

Suctorial tube-feet may have been lacking from the earliest

holothurians, to judge by their rudimentary state in extant

plated genera, though this is uncertain. If they were initially

lacking, then locomotor movements would have been effected by
contraction and expansion of the body wall and its flexible test.

Once suctorial tube-feet had developed, locomotion on the echi-

noid plan would be possible. There is morphological evidence

that some kind of jaw apparatus, resembling the echinoid lan-

tern, was developed early in the holothurians. Apparently it was
abandoned once the dendrochirote tentacle had developed, but

the skeletal elements of the presumed lantern acquired a new

purpose —the attachment of the radial (and retractor) muscles
—and hence the organ persisted in later holothurians as the

calcareous ring on the pharynx.
It is probable, especially from data given by Pawson (1965),

that the dendrochirote tentacle evolved from a formerly simple
oral tube-foot. Repeated dichotomy led to the complex dendritic

tentacle of the Dendrochirotida. This is an efficient collecting

organ for planktonic material which is conveyed to the mouth

by the contractions of the tentacles, ciliary action, and the

"spooning" action of two ventral tentacles. Dendrochirote holo-

thurians, whether motile or not, are able to trap sufficient nour-

ishment by filtering the surrounding sea water, provided there

are currents replacing the surrounding water, and bringing fresh
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supplies of food particles. From such deudrochirote holo-

tliurians more than one line of evolution is possible, for they

have the means of adopting either eleutherozoan or pelmatozoan
habits. If the locomotor system is retained, the oral tentacles

can be adapted to serve as food-collecting- organs operating in

various ways. In the Cucumariidae, for example, the body may
be held erect, attached only by the posterior tube-feet, whilst the

tentacles are spread out in a ring around the mouth, which is

directed upwards, so that the habit of the animal resembles that

of a sea anemone. In holothurians which adopt the horizontal

attitude (lying on the ventral side where the tube-feet are re-

tained), the tentacles can readily evolve from deudrochirote to

aspidochirote forms, thus permitting gross mud-swallowing, and

a markedly eleutherozoan habit.

A further possibility is for the locomotor system to fulfill a

purely adhesive role, leading to a sessile (pelmatozoan) habit.

This is illustrated by the psolid dendrochirotes, in some genera
of which the body is converted into a flattened, limpet-like form,

adhering by a broad, flattened ventral surface, applied to a firm

substrate (Fig. 5). The exposed dorsal and lateral surface is

covered by a test of imbricating, robust plates. The mouth and
anus lie on the upper surface, often protected by valvate plates,

similar to those of cystoids or edrioasteroids. The whole body, in

fact, is comparable to that of an edrioasteroid, the only dis-

tinction being the lack of external ambulacral plates (Figs. 4,

5). Thus the psolids are actually closer to edrioasteroids in

morphological features than to many holothurians, or even to

eehinoids, and the only character by which they differ from
edrioasteroids is the same as that which distinguishes them from
eehinoids —namely, the fact that the water-vessels are internal,

and the test consequently does not form ambulacral plates.

Hence a comparison of Psolus with an edrioasteroid illustrates

two important features: (1) Edrioasteroids have the same pat-
tern of symmetry as Echinozoa, and have evidently arisen from
an early echinozoan stock similar to that which gave rise to the

deudrochirote holothurians, of which the psolids are obvious

members. (2) The pelmatozoan characters of edrioasteroids and
of psolid holothurians have arisen as a direct habit response to

adoption of a sessile mode of life, and do not indicate any near

relationship to such pelmatozoan groups as are customarily in-

cluded in the subphylum Pelmatozoa.

Comparative study of the internal skeleton of the pliaryngeal
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region of dendrochirote holothurians suggests to me that the

original holothurians must have had external ambulacra formed

by modified plates of the test and similar to those seen in the

fossil edrioasteroids and illustrated by Kesling and Mintz (1960)

(Fig. 7). Apparently, when once evolved, the large dendrochi-

rote tentacles required a protective mechanism, by which they
could be withdrawn into the body. The protection was achieved

by telescoping of the anterior end (termed the introvert),

capable of retraction under the action of muscles derived from
the radial muscle group. The evolution of the introvert, in turn,

implied the conversion of the original external ambulacral areas

of the test into internal structures, surrounding the pharynx,
and serving for the insertion of the retractor muscles. In primi-
ive dendrochirotes the pharyngeal skeleton is still recognizable
as equivalent to the ambulacral plates of an edrioasteroid, but

in most surviving holothurians the mechanism is very reduced

or vestigial. Stages in the reduction are illustrated in Figures
6 and 8 to 12. Inferred homologies of edrioasteroid and dendro-

chirote skeletal elements are indicated in the captions to these

figures.

The Edrioasteroidea (Figs. 4, 7) adopted a similar habit to

that of psolid Holothuroidea, but the ambulacra remained ex-

ternal, instead of sinking inwards, and this permitted an alter-

native method of feeding, suited to a pelmatozoan way of life.

The feeding mechanism was provided by the whole complex of

tube-feet. The five ambulacra grew outwards from the mouth
as meridians, but only on the upper surface. Each ambulacrum

Figures 6-12. Ambulacral plating systems and calcareous ring elements

in holothurians (6, 8-12), and an edrioasteroid (7), considered in this

paper to be homologous structures. 6, Pentadactyla (Dendroehirotida), X 3.

7, Isorophus (Edrioasteroidea), X 4. 8, Placothuria (Dendroehirotida), X
4. 9, Neothyonidium( Dendroehirotida), X 2. 10, Psolus (Dendroehirotida),
X 3. 11, Euthyonidiella (Dendroehirotida), X 3. 12, Mitsukuriella (Dendro-

ehirotida), X 4. Abbreviations: a.n., anterior notch of radial plate; g.d.,

gonoduct; ir.p., interradial plate; mad., madreporite; viad. d., stone canal;

m.f., radial water-vessel; oes., esophagus; p.p.r., posterior process (considered
in this paper to be the distal ambulacral plates) ; ph., pharynx; p.v., polian

vesicle; r.m., retractor muscle; r.p., radial plate (here considered to be an

ambulacral element). Figs. 6, 8, 9, from Pawson, 1963; 7, from Kesling and

Mintz, 1960; 10, drawn by D. L. Pawson; 11, 12, redrawn from Heding
and Panning, 1954.
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carried a median groove, bordered on either side by the tube-

feet. The latter must have functioned in a manner similar to

the tube-feet of sea lilies, that is, they would wave about in the

water, trapping small plankton and organic particles on their

mucous surface, and sweeping them inwards towards the mouth,

along the food-groove on the ambulacrum. Evidently no intro-

vert evolved, and this implies that dendrochirote tentacles never

developed.
It may be inferred that the Edrioasteroidea, soon after their

differentiation from the initial echinozoan stock, adopted the

sessile habit but, unlike the dendrochirote holothurians, had no

oral tentacles on which to rely for nutrition. The ambulacra as

a whole, therefore, took on the function of nutrition, mediated

by the tube feet; and the advective food grooves, and the ambu-
lacral plates on which they were carried, were a natural conse-

quence. In the holothurian line, the radial water vessels were

early converted into internal canals, as also occurred in the post-

echinocystitoid echinoids. Hence the adoption of pelmatozoan
habit inevitably demanded a pre-existing dendrochirote nutritive

mechanism, and never involved external ambulacra in holo-

thurians. As Bassler (1935) has pointed out, the earliest (i.e.

mid-Cambrian) edrioasteroids retain a fully-plated ventral sole,

unlike their later derivatives, and this may be taken as evidence

that the test was originally spherical in edrioasteroids. The am-
bulacra in the early edrioasteroids were also more simple than
in later forms, and most of the so-called pelmatozoan features,
such as cover-plates, may well be later specializations, analogous
to the development of cover-plates in crinoids and somasteroids.

Comparison of dissections of psolids with edrioasteroids sug-

gests certain inferences as to the internal anatomy of edrioaster-

oids. In the absence of any evidence to the contrary, we may
assume that the edrioasteroids had a gonad placed in the dorsal

interradius. In psolids the gonopore lies on the introvert, just

posterior to the mouth. The corresponding position on an edrio-

asteroid would be that in which a pore is known to occur, but
the pore has hitherto been supposed to be a hydropore. Psolids,

however, respire (at least in part) by rectal respiratory trees.

It seems probable that respiratory trees would be required by
edrioasteroids also, and that the hydropore would have been

internal, as it is in dendrochirote holothurians.

Irrespective of these latter inferences, the main conclusion

emerges that edrioasteroids should be treated as members of
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the Echinozoa aud that their pelmatozoan features are no more

fundamental than the same features in psolid holothurians, being

purely secondary responses to the demands of sessile habit.

The Echinozoa have here been selected to illustrate an argu-

ment which could also be developed on the basis of evidence pro-

vided by other groups of echinoderms. The hitherto puzzling

features of Homalozoa, for example, some being apparently pel-

matozoans, others eleutherozoans, would appear to be no more

unusual than the circumstances found within the Echinozoa.

Without prolonging the discussion at this stage by reference in

detail to other subphjda, the inference may be drawn that the

eleutherozoan and pelmatozoan characters have arisen independ-

ently, and at different times, in various echinoderm groups,

and it is not possible to devise a natural classification on the basis

of such characters alone. A revised classification now emerges in

which the Edrioasteroidea are transferred to the subphylum
Echinozoa. When this transfer is made, the residual pelmatozoan
classes prove to comprise a much more uniform assemblage which

may be defined, not in terms of their habit, but in terms of

their morphological symmetry, as follows :

Subphylum Crinozoa Matsumoto, 1929 (redefined)

Fundamentally globoid echinoderms with partial meridional

symmetry tending to produce an aboral calyx, the ambulacra de-

veloping as aboral semi-meridians later forming radially diver-

gent systems of ambulacral feeding appendages w^hich take the

form of brachioles or arms.

Included classes : Cystoidea, Eocrinoidea, Paracrinoidea, Blas-

toidea, Edrioblastoidea and Crinoidea.

The following extended diagnosis of the Echinozoa also

emerges :

Subphylum Echinozoa Zittel, 1895 (redefined)

Fundamentally globoid echinoderms which never develop
arms. In earliest members mouth and anus lay at opposite ends

of the body, but in some later forms these have become sec-

ondarily displaced. Meridional w^ater-vessels traverse the body
wall in the direction of the anus, the vessels lying originally
on the surface, but sinking into its substance in later Paleozoic

and all post-Paleozoic groups. Skeleton, nervous system, repro-
ductive organs and muscular system tend to differentiate into

meridional systems, although an underlying bilateral symmetry
is always evident.
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Included classes : Helieoplacoidea, Edrioasteroidea, Ophiocisti-

oidea, Holotliuroidea, Echinoidea.

We can now set out a general classification of the phylum
Bchinodermata, incorporating the proposals relating to the

eleutherozoan groups already made in an earlier paper (Fell,

1963a), together with the results of the present investigation.

These are given in Table 1. It will be noted that uniform ter-

minations in -zoa are adopted for subphylum categories, whilst

class names end in -oidea.

Conventional Classification Classification Herein Adopted

Subphylum Pelmatozoa

Class Carpoidea

Class Cystoidea

Class Eocrinoidea

Class Paracrinoidea

Class Blastoidea

Class Edrioblastoidea

Class Crinoidea

Class Edrioasteroidea

Subphylum Eleutherozoa

Class Ophiocistioidea

Class Echinoidea

Class Holothuroidea

Class Asteroidea

Class Ophiuroidea

Subphylum Homalozoa

Class Carpoidea

Subphylum Crinozoa

Class Cystoidea

Class Eocrinoidea

Class Paracrinoidea

Class Blastoidea

Class Edrioblastoidea

Class Crinoidea

Subphylum Echinozoa

Class Helieoplacoidea*

Class Edrioasteroidea

Class Ophiocistioidea

Class Echinoidea

Class Holothuroidea

Subphylum Asterozoa

Class Stelleroidea (including

the subclasses Somasteroidea,

Asteroidea and Ophiuroidea)

^Helieoplacoidea unknown before 19G3.

Table 1. Comparison of the conventional classification (left) of Echino-

dermata with that herein adopted (right). The new arrangement of the

classes in four subphyla is believed to avoid the polyphyletic categories

which have been demonstrated in the conventional classification, and it at-

tempts to reconcile the systematic treatment with the evidence of the fossil

record.
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we were working together on South Pacific echinoderms; these

data are presented elsewhere (Pawson, 1965). A revised classifi-

cation of Holothuroidea recently proposed (Pawson and Fell,

1965) synthesizes the sj'^stematic outcome of our separate con-

tributions. A further contribution, incorporating some material
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Figure 13. Approximate inferred phylogeny of the Echinozoa as deduced

from evidence discussed iu this paper.
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added by Professor Raj'mond C. Moore, University of Kansas,
will be given in the forthcoming Treatise on Invertebrate Paleon-

tology, volume U, where the material of this paper is given a

formal text-book presentation (Fell and Moore, 1965) ;
for assist-

ance in re-lettering Figure 13, I am grateful to Dr. Moore. I

have to thank Dr. Ernst Mayr for reading and criticizing the

manuscript, and for suggesting the inclusion of Table 1
;

Dr.

David Pawson for assistance in illustrating holothurians, and

for permission to use Figures 2, 5, 6 and 8
;

Dr. Porter M. Kier

for some suggestions ;
and other colleagues and students who

have discussed the interpretations offered here, and who have all

to some extent influenced the manner of presentation here

adopted.

SUMMARY

The morphology of fossil and extant Echinodermata implies

that pelmatozoan and eleutherozoan characters must have arisen

independently in the various classes at several different times

since the Pre-Cambrian. Hence it is not possible to base a natu-

ral classification on these two categories of contrasting characters

alone
;

for sessile and free-moving echinoderm assemblages each

comprise two or more unrelated stocks, the similarities of which

are due only to convergent evolution. At least four subphyla may
be defined on the basis of four recognized patterns of growth and

symmetry, mediated by the hydrocoel, evidently as innate trends

initially independent of the environment. At least three of the

four subphyla include pelmatozoan and eleutherozoan stocks,

which are here regarded as arising as simple habit responses
to the habitat.

Edrioasteroidea are interpreted as members of the subphylum
Echinozoa, and should be removed from their present conven-

tionally accepted position among the so-called Pelmatozoa. The
latter assemblage, after removal of the Edrioasteroidea, is re-

defined and assigned the rank of subphylum, under the name
Crinozoa. The so-called calcareous ring of holothurians is here

interpreted to be the homologue of the ambulacra! plating system
of edrioasteroids, telescoped within the body, following the evo-

lution of the introvert.
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